Chenopodium ambrosioides L.(ll)
.
Chenopodium calijornicum Wats.(ll) .
Salsola kali tenuijolia G. F.
W.Mey.(H) .
Russian thistle .
Lamb's quarters (white pigweed According to Lackey':" the attenuated curly-top virus was restored to its original virulence by passing it through common chickweed, Stellaria media (L.) eyre (plate 1 A, B, C).
Starrett!"? experimentally infected Oxalis stricta L. with curly top by means of infective beet leafhoppers and transferred the virus from the infected plants to sugar beets through the agency of previously noninfective beet leafhoppers.
. In this paper new wild host plants of curly top are listed and also those previously recorded in the literature. (5, 7, 11) Field investigations 266
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[VOL. 8, No.8 to determine the weeds which are naturally infected with curly top in the cultivated areas and on the uncultivated plains and foothills have been conducted over a period of sixteen years. Investigations to ascertain the weeds which could be experimentally infected with the disease were also made. Further investigations were conducted on' the overwintering of the curly-top virus in host plants growing on the uncultivated plains and foothills, in perennial plants growing in the cultivated areas, and in the overwintering generation of beet leafhoppers.
METHODS
The methods used in determining whether weeds, economic plants, and ornamental flowering plants were naturally infected with curly top, have been described in previous papers. (5, 11, 12) The methods of experimentally infecting plants have also been described in a previous paper. (11) PLANTS EXPERIMENTALLY INFECTED WITH CURLY TOP A list of plants experimentally infected with curly top is given in table 1. These plants occur in the cultivated areas and were either grown from seeds or transplanted from the field.
As indicated in table 1, the weeds experimentally infected with curly top include 41 species of annuals, 3 species of annuals or biennials, and 13 species of perennials-a total of 57 species or varieties of weeds in 28 genera belonging to 16 families. The virus was recovered from each species of infected plant by previously noninfective beet leafhoppers and transferred to sugar beets. Table 2 lists the weeds and other wild plants which were demonstrated to be naturally infected with curly top. The list includes plants which were growing on the uncultivated plains and foothills and in the cultivated areas.
PLANTS NATURALLY INFECTED WITH CURLY TOP
The plants growing on the uncultivated plains and foothills demonstrated to be naturally infected with curly top include, as shown in table 2, 11 species of annuals and 3 species of perennials-a total of 14 species in 13 genera belonging to 8 families.
In the cultivated areas 19 species of annuals, 3 species of annuals or biennials, and 4 species of perennials-a total of 26 species in 15 genera belonging to 9 families-were proved to be naturally infected with the disease.
Many plants in which the beet leafhopper has not been bred from eggs deposited under natural conditions up to the present time were experi.. Sept., 1934] mentally infected with curly top. The beet leafhopper was bred from eggs deposited under natural conditions from 8 species of plants growing on the uncultivated plains and foothills and from 38 species growing in the cultivated areas, as reported in a previous paper. (9)
Severin: Weed Host Range and Overwintering

SYMPTOlVIS OF CURLY TOP
The symptoms of curly top on the sugar beet, economic, and ornamental flowering plants have been described in four previous papers. (7, 8, 11, 12) A general description of the symptoms of the disease on weeds is given, with illustrations of a few typical examples, rather than a detailed description of the symptoms on each weed. Weeds inf-ected with curly top show a variation in symptoms, but the following symptoms are characteristic of many diseased plants: stunting (figs. 1, 6A); abnormal development of secondary shoots (fig..60) with dwarfed leaves arising from the axils of the leaves (fig. 3) ; shortening of the internodes; dwarf- ing, curling ( fig. 1 ; plate IB), cupping (figs. 3, 4,5), rolling (plate 1 A, E), balling ( fig. 2), twisting (fig. 6A) , puckering, mottling, and chlorosis of the leaves; cleared or transparent veinlets (plate 2A) ; vein distortions ( fig. 6, B, D) ; and protuberances (plate ID; plate 2B) on the lower surface of the leaves. Sept A test was made to determine the percentage of red-stem-filaree plants which were naturally infected with curly top. All of the plants were collected on March 2, 1926 , in an area covering about 2 square yards on a foothill bounding the entrance of. Big Panoche Pass, where a large congregation of overwintering leafhoppers occurred, Fifty red-stemfilaree plants were selected; many small plants were dry and were rejected. Previously noninfective beet leafhoppers, 5 to a plant, were fed for a period of 3 days on these 50 red-stem filaree plants and were then transferred to 50 healthy sugar-beet seedlings. Five sugar beets developed typical curly-top symptoms and 45 beets remained healthy. The 5 red-stem filaree plants from which curly top was transmitted to sugar beets showed reddish outer leaves and malformed inner leaves (figs. 7,8) .
In an earlier test previously reported, (6) 50 red-stem filaree plants were collected on April 8, 1924 , in depressions of squirrel mounds in Little Panoche Pass and only 1 plant was demonstrated to be naturally infected with the disease. . Among the plants belonging to the family Chenopodiaceae, to which the sugar beet belongs, a single perennial species growing on the uncultivated plains and foothills has been demonstrated to be naturally infected with curly top; ballscale (Atriplex frutieulosa), a small spreading saltbush often grazed down by cattle and sheep to a mat-like form, and commonly found on the plains and foothills of the San Joaquin Valley, has been proved to be naturally infected with the disease. Four plants transplanted from the uncultivated plains were experimentally infected with curly top, and the virus was repeatedly recovered by previously noninfective beet leafhoppers and transferred to beets during 
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Two other perennial species growing on the plains and foothills in the San Joaquin Valley were demonstrated to be naturally infected with curly top as follows: (1) Modiola caroliniana belonging to the family Malvaceae, introduced from the southeastern part of the United States into California; and (2) Phaceolia ramosissima, belonging to the family IIydrophyllaceae, and occurring on the foothills and mountain slopes at an elevation of 200 to 9,000 feet almost throughout California, north to Washington, and south to Lower California.
In Host Plants in Cultivated Areas.-Four perennials growing in the cultivated areas and demonstrated to be naturally infected with curly top are listed in table 2. Since the annuals become dry during the autumn, they play no role in the overwintering of the virus.
Repeated tests were made to recover the curly-.top virus from Mexican tea (Chenopodium ambrosioides) , a perennial weed demonstrated to be naturally infected with the disease in the San Joaquin Valley. The virus was transferred from 4 naturally infected plants by different lots of previously non infective beet leafhoppers to sugar beets during a period of 1 year, after which no further tests were made. (11) Among economic plants, Hairy Peruvian alfalfa (Medicago sativa) and horse-radish tAmoracia rusticana) , both perennials; Single or Plain parsley (Petroselinum hortense), a biennial or short-lived perennial; and potato (Solanum tuberosum), a herbaceous plant, were demonstrated to be naturally infected with curly top. (7, 11) . The virus was 'rarely recovered from naturally infected horse-radish plants during the summer, and not at all during the autumn. The virus was not recovered from cuttings grown from naturally infected horse-radish roots. (7) No experiments have been conducted up to the present time to prove potatotuber transmission of the disease, nor to test whether the virus couldbe recovered during the autumn and winter from alfalfa and parsley. Among the ornamental flowering plants, grass pink (Dianthus plumarius) and fish geranium (Pelargonium hortorum) , both perennials; common four-o'clock (Mirabilis jalapa) and common garden petunia (Petunia hybrida) , both perennials grown as annuals; and pansy (Viola tricolor hortensis), an annual or short-lived perennial, were proved to be naturally infected with curly top. (12) Carnation (Dianthus caryophyllus) , a perennial, and stocks (Mathiola inc ana ), a biennial or perennial, showed typical symptoms of curly top under field conditions, but noninfective leafhoppers failed to transmit the virus from these plants to sugar beets. Sept., 1934] 
Severin: Weed Host Range and Ove·rwintering 275
In Beet Leafhopper.-The curly-top virus rarely overwinters in the male beet leafhopper, since most of the males die during the winter. (10) The average period of infectivity during the adult life of 10 females which completed the nymphal stages on diseased beets was 83.9 days, followed by an average period of 50.1 days between the last infection and death of the insect. When the females lived for a long time, the infective power was lost in most cases. The infective power is not retained during the adult life of the overwintering female beet leafhoppers unless they reinfect themselves during the winter; but in that case the virus does overwinter in the females.
SUMMARY
The weeds growing on the uncultivated plains and foothills and in the cultivated areas experimentally infected with curly top include 57 species in 28 genera belonging to 16 families.
The wild plants growing on the 'uncultivated plains and foothills demonstrated to be naturally infected with curly top include 14 species in 13 genera belonging to 8 families.
In the cultivated areas 26 species of weeds in 15 genera belonging to 9 families were found to be naturally infected with the disease in nature.
. The curly-top virus overwinters in 11 species of annuals and 3 species of perennial wild plants growing on the uncultivated plains and foothills. Previously noninfective beet leafhoppers repeatedly recovered the virus from a perennial-ballscale (Atriplex fruticulosa)-during a period of six months, when the tests were discontinued. Four species of perennials and 3 species of weeds sometimes annual and sometimes perennial growing in the cultivated areas were demonstrated to be naturally infected with curly top. The virus was repeatedly recovered from a naturally infected perennial-Mexican tea (Chenopodium a.mbrosioides)-during a period of one year, after which no further tests were made. 'The virus does not overwinter in the annuals growing in the cultivated areas, since these become dry during the autumn.
The following economic plants which may enable the virus to overwinter were demonstrated to be naturally infected with curly top: IIairy Peruvian alfalfa (Medicago sativa) and horse-radish (Amoracia rusticana) both perennials; Single or Plain parsley (Petroselinum hortense), a biennial or short-lived perennial; and potato (Solanum tuberosum), a herbaceous plant. The virus was rarely recovered from naturally infected horse-radish during the summer, and not at all dur- [VOL.8, No.8 ing the autumn, nor from cuttings grown from naturally infected horseradish roots.
The following ornamental flowering plants were demonstrated to be infected with curly top under natural conditions: grass pink (Dianthus plumarius) and fish geranium (Pelargonium hortorum), both perennials; common four-o'clock (Mirabilis jalapa) and common garden petunia (Petunia hybrida) , both perennials grown as annuals; and pansy (Viola tricolor hortensis) , an annual or short-lived perennial. The virus was not recovered from carnation (Dianthus caryophyllus) , a perennial, and stocks (Mathiola incana) ,~biennial or perennial, although these showed typical symptoms of curly top under field conditions.
The curly-top virus rarely overwinters in the male beet leafhopper, since most of the males die during the winter. The infective power is not retained during the adult life of the female beet leafhoppers unless they reinfect themselves during the winter, but in that case the virus overwinters in the females. [ 279 ]
